Summary: The administration of thyroxine produces a significant increase in the copper, magnesium, iron and zinc contents of liver, with a concomitant decrease of heart iron. Magnesium in heart tissues was also increased.
Introduction
* Hypothyroidisrn was found to be associated with in-' , creased serum magnesium and decreased calcium Previous studies on the relationship between the state of ^^ } These investigations demO nstrated the thyroid and the concentrations of metal lons m the ^ involvement of horm ones in mineral serum and tissues provided minimal and sometimes con-metabolism , ^ blood> but the possible role o f these tradictory Information (l -^).
honnones in tissue mineral metabolism is not clear. Recent studies however showed that thyroid hormones
The literature contains only a few relevant data; for effect the serum level of certain metals (for example, it example,Namikawa (8) demonstrated a clear increase was found that hyperthyroidism is associated with hyper-of calcium and magnesium concentration in muscles calcaemia (5) , increased plasina copper, decreased eryth-of thyrotoxic patients; simüarly Al-Khayat et al. (9) rocyte copper (6) and decreased serum magnesium (7) . demonstrated a significant change in the mineral con-0340-076X/82/0020-0281 $02.00 © by Walter de Gruy ter & Co. · Berlin · New York tents of thyroid gland in various diseases of thyroid glands associated with iodine deficiency. This stimulated us to investigate futly the effects of thyroxine, an antithyroid drug (propylthiouracil), and thyroidectomy on mineral metabolism in several key tissues (liver, kidney, heart and brain). The minerals chosen in this study were iron, copper, magnesium, calcium and zinc.
Materials and Methods

Chemicals
Chemicals of analar grade were used. Copper metal, zinc metal, and magnesium ribbon were purchased from Lab. Lachema Chemicals. Hydxochloric acid and nitric acid were from RiedelDeHaen AG Hannover, iron metal from Hopkins and Williams Ltd., England, calcium carbonate from BDH Lab., England, and lanthanum from Fluka AG, Buchs S.G, Switzerland.
Drugs Propylthiouracil (B.P.) was from Evans Ltd.; Company, sodium-L-thyroxine from Glaxo Lab., England, and Gum Acacia from Evans Ltd., Company.
Experiments
Forty eight male rats of the.genus Sprague Dawley, from the animal house of the Medical College, Mosul University, were used for this study. They were fed a local mixed diet rieh in proteins, and kept under hygienic conditions at a temperature not exceeding 35° C. The animals were divided into six groups: Group I was used for total thyroidectomy, which was performed by a Standard procedure, under anaesthesia (chloroform and ether). Group II was used äs a sham-control for group I. The animals of groups I and II were killed 21 days after the Operation.
Group III was given antithyfoid drug for 5 days.
Group IV was used äs a control for group III and was kept under the same conditions. Groups III and IV were sacrificed after 15 days. Group V was given sodium L -thyroxine oraliy by stomach tube in a daily dose 54 Mg/kg body weight/day for 7 days. The dose of thyroxine was calculated using the formulae of Paget & Barnes (10) . Group VI was used äs control for group V. Groups V and VI were killed at the end of 7 days from the begirining of the experiment. Serum was taken from each group before sacrifice, and the concentration of thyroxine determined by the method of Clark & Brown (11), using the Thyopac-4 Kit (Radiochemical Centre, Amersham, England). The livers, brains, hearts and kidneys were taken from each group, washed with saline, dried in an oven at 110° C for 48 hours, then weighed and ashed. The ashed samples were dissolved in 10 ml 50 g/kg HC1 and subjected to anälysis for ilve minerals: copper, magnesium, iron, calcium and zinc, using the Perkin Eimer -503 atomic absorption spectrophotometer according to the method ofBoutweti (12) with the appropriate analytical conditions for each mineral.
Working Standard Solutions for all these minerals were prepared by diluting the metal stock solution (l g/l), which was prepared by dissolving l g of each metal or equivalent amounts of its salts in a minimum volume of acid (HNO 3 or HC1) and subsequent dilution with water to one liter.
Results
Thyroxine concentrations were estimated in rat sera in order to determine the thyroidal state of the animals after various treatments (antithyroid drug, thyroxine administration or thyroidectomy). Table l shows the results of such estimations. Table 2 shows the effects of thyroidectomy on the mineral contents of foür rat organs, compared with their control välues. It indicates that* in heart tissüe, örily zinc was significantly decreased after thyroidectomy. Table 3 shows the effects of the antithyroid drug, propylthiouracil, on rat tissüe minerals. 1t indicates that the liver is the main organ affected by such treatment, and that magnesium, iron and calcium were decreased significantly in comparison with their normal contrpl välues in this organ.
Similarly, brairi magnesium was found to be decreased after adininistration of the antithyroid drug. However, heart magnesium was significantly increased by such treatment. In additiqn, kidney copper and calcium were also increased.
The effects of thyroxine on mineral metabolism in some tissues are illustrated in table 4. It is clear that liver copper, magnesium, iron and zinc were significantly increased. Heart magnesium showed a simüar increase.
In contrast, heart iron was decreased significantly after administration of thyroxine. 
Discussion
The results of this study demonstrate that the administrä-tion of thyroxine to experimental rats for 7 days produces a signiflcant increase in the copper, magnesium, iron and zinc contents of the liver (tab. 4).
Similarly, heart magnesium was significantly increased after thyroxine administration; brain magnesium was also increased, but to a lesser extent.
The administration of antithyroid drug to rats produced a significant decrease in the concentration of the above metals in the liver. Brain magnesium was also decreased after such treatment (tab. 3).
It has now been established that the low molecular weight protein, metaUothionein, plays an important regulatory role in the metabolism of zinc, particularly in the control of intestinal absorption and hepatic uptake ofthemetal (13, 15) .
The administration of zinc salts to animals also causes the synthesis of the hepatic zinc protein, metaUothionein (14) .
Similarly, the injection of copper salts into rats stirnulates the production of copper binding protein of molecular weight around 12,000 (copper-chelatin) (16, 17, 18) .
Caleium binding protein has been identified in the gut, kidney, and egg shell gland (19) . It was suggested that this calcium binding protein may be involved in trans?· cellular transport and/or storage of cälciüm.
According to the so-ealled "mucosal block" theory, the amount of iron binding protein, apoferritin, in the mucosal cells is the controlling factor in the absorption of iron by the intestine itself, and normally the apoferritin content of the mucosal cells is low. But there is evidence for a rapid increase in its forrnatiori by intestinal mucosal cells äs a result of the administration of iron (20) .
From all the previous data, it is possible to dedüce that administration of certain metals like zine, copper, and iron, may induce the synthesis of their correspondüig metal binding proteins.
Therefore, the increase in the concentratipn of copper, zinc and possibly iron in the liver^ after the ädministrat ion of these rnetals, is probably associäted with the increase in the synthesis of their corresponüing metal binding protein. A binding site for the thyroid hormones has been demonstrated in the cell nucleus, suggesting that these hormones probably regulate nuclear transcription (21) .
Similarly, Tata & Windell (22) found that after the administration of thyroid hormone to hypothyroid rats, there was a Stimulation of magnesium-dependent ribosomal RNA polymerase which also indicates the involvement of thyroxine in protein biosynthesis.
Recently, Soli et al. (23) demonstrated that certain chelating agents have the property of mobilizing heavy metals, like copper, in sheep. Thyroxine, which can easily be chelated with copper (24) , could play a role in the mobilization of heavy metals like copper in the body to the liver, since thyroid hormones are removed from circulation primarily by the liver (21) .
The changes in the concentrations of these different metals in various Organs other than liver and brain in hypo-and hyperthyroid states, follow different patterns which cannot be easily explained, presumably because other factors are involved.
Thyroidectomy itself did not produce appreciable effects on mineral metabolism. This indicates that normally parathyroid hormone and/or calcitonin, probably play an important role in the metabolism of tissue minerals, especially in the liver, where they presumably oppose the action of thyroxine on mineral metabolism. Our Suggestion that parathyroid hormones are involved in mineral metabolism is confirmed by recent studies (25) . These studies clearly demonstrated that parathyroid hormone effects the absorption of magnesium from the intestine, and it was found that hyperthyroidism is associated with a decreased serum magnesium level (26) . However, the mechanism of action of these hormones seems to be very complicated, and to our knowledge we have demonstrated for the first time, the role of thyroxine in mineral metabolism in the body.
In conclusion, this study revealed that mineral metabolism is more complex than hitherto known, and involves several hormones. This study demonstrated clearly that thyroid hormones directly or indirectly affect the metabolism of tissue minerals, especially in the liver.
